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1. 

FREQUENCY DOMAIN MULTIBAND 
DYNAMICS COMPRESSOR WITH 
AUTOMATICALLY ADJUSTING 
FREQUENCY BAND BOUNDARY 

LOCATIONS 

TECHNICAL FIELD 

The present invention relates to multiband dynamic range 
compressors. 

BACKGROUND 

Dynamics compression may be used during audio master 
ing, broadcast or playback to adjust the gain as a function of 
time, in order to achieve a desired distribution of output 
levels. This type of compression (not to be confused with data 
compression algorithms such as mp3) helps keep the Volume 
in the “sweet spot” between too soft and too loud, reducing 
the user's need to manually adjust (or “ride') the volume. 
Dynamics compression allows the quiet portions of the pro 
gram to remain audible, even in a relatively noisy environ 
ment, while keeping the louder parts from becoming disturb 
ingly loud. 

FIG. 1 is a block diagram of a typical feed-forward single 
band dynamics compressor (C). Single-band (also known as 
wideband) dynamics compressors apply the same processing 
to the entire frequency range. The RMS level of an input 
signal 10 is extracted 12 and converted 14 to a logarithmic 
representation. Next, a transfer function (or characteristic) 16 
maps the input signal level to a desired output level. FIG. 2A 
shows an exemplary transfer function 16. FIG. 2B illustrates 
the gain curve of the transfer function of FIG. 2A which 
results from the mapping of the input signal level to a desired 
output level. When the input level is less than the compression 
threshold 18 (-30 dB in this example), ignoring the noise gate 
region, each additional dB of input level produces one addi 
tional dB of output level. However, when the input level 
exceeds the compression threshold 18, each additional dB of 
input level only produces 1/r dB of additional output level, 
where r is the compression ratio (in FIG. 2A, r–3). 

The gain is then converted 20 back from the logarithmic to 
a linear representation, Smoothed 22 and applied 24 to a copy 
of the input signal 10 which has been delayed (Z') 26 to 
compensate for the delay of the gain computation path 28. 
Finally, some post-gain 30 may be applied 32 to help com 
pensate for some of the gain loss due to the compression. 
More information on single-band dynamics compressors 
may be obtained from the following references (the disclo 
sures of which are hereby incorporated by reference): G. W. 
McNally, “Dynamic Range Control of Digital Audio Sig 
nals. J. Audio Engineering Society, Vol. 32, No. 5, 1984 
May: Udo Zölzer, Digital Audio Signal Processing, John 
Wiley & Sons Ltd., 1997, pp. 207-219; and Earl Vickers, 
'Automatic Long-term Loudness and Dynamics Matching.” 
presented at the AES 111th Convention, New York, 2001. 
A multiband dynamics compressor divides the frequency 

range into a plurality of frequency bands and then processes 
the input signal through each frequency band independently. 
In many implementations, a different set of processing 
parameters (such as compression ratios) is applied to each 
frequency band. FIG. 3 is a block diagram of a typical feed 
forward multiband dynamics compressor. The input signal 10 
is applied to aband splitting block 30 which divides the signal 
10 in the frequency domain into a plurality of signals 32 each 
being limited to a certain frequency band, there being some 
degree of frequency overlap between adjacent ones of the 
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2 
frequency bands. In a frequency-domain implementation, 
frequency band splitting block 30 may consist of a fast Fou 
rier transform (FFT) or short-time Fourier transform (STFT), 
with an optional analysis window; in a time-domain imple 
mentation, frequency band splitting block 30 may consist of 
one or more crossover filters. Each signal 32 is then applied to 
one of a plurality of included feed-forward single-band com 
pressors (C1-C5)34. Each compressor 34 may, for example, 
have a configuration like that of the compressor (C) shown in 
FIG. 1. The output signals 36 from the plurality of compres 
sors 34 are then combined 38 together to generate a signal 
output 40. In a frequency-domain implementation, combin 
ing block 38 may consist of an inverse fast Fourier transform 
(IFFT) or inverse short-time Fourier transform (ISTFT), 
which may include an overlap-add implementation with 
optional synthesis window; in a time-domain implementa 
tion, combining block 38 may consist of a Summer. 

Multiband dynamics compressors are powerful, versatile 
tools for audio mastering, broadcast and playback. When 
used properly, multiband dynamics compressors have a num 
ber of advantages over single-band dynamics compressors, 
foremost being the fact that loud sounds in one band will not 
trigger artifacts such as “pumping”or “breathing in the other 
bands. However, multiband dynamics compressors have a 
known problem relating to frequency response. 

It has been noted that while multiband compressors may 
have a generally flat spectral response to broad-band inputs, 
the narrow-band response exhibits peaks near the edges of the 
frequency bands. In other words, as shown in FIG. 4, when 
excited by a (time-varying) narrow-band input, such as a 
swept sinusoid, the magnitude response of the multiband 
dynamics compressor like that of FIG. 3 displays unwanted 
peaks 42 at the boundaries 44 between frequency bands 46. 
Specifically, FIG. 4 illustrates the magnitude response 48 of a 
multiband dynamics compressor of the type shown in FIG.3 
to a swept sinusoid 50 with band boundaries 44 located at 500 
HZ and 2000 Hz. The unwanted peak 42 phenomenon is 
caused by the fact that, when a sinusoids frequency is near 
the boundary 44 between two compressor frequency bands 
46, only a portion of the sinusoids energy is allocated to each 
frequency band 46. Therefore, the energy seen in each of the 
adjacent frequency bands 46 at the boundary 44 is not fully 
representative of the energy of the sinusoid signal 50. This 
triggers less compression of the sinusoid 50 at and near the 
boundary 44 than would occurat other frequencies located in 
the middle of the frequency bands 46. In other words, less 
dynamics compression is triggered with respect to the nar 
rowband component at the boundary 44 between frequency 
bands 46 than if the entire energy of the narrowband compo 
nent were allocated to a single one of the adjacent frequency 
bands. As a result, the response is not shift-invariant with 
respect to frequency. Those skilled in the art refer to this as a 
“3 dB bump' in the response; but is it recognized that the size 
of the peak 42 is a function of the compression ratio and can 
be as much as 6 dB. 

It will be noted that absent the application of a non-linear 
compression, the energy would simply be split into two bands 
and then recombined with perfect reconstruction. The prob 
lem arises from the combination of the splitting of the energy 
into multiple bands and the applied non-linearity of the com 
pressor. This problem occurs in all conventional multiband 
compressors, whether analog or digital, time-domain or fre 
quency-domain. 

In time-domain compressors, the bands are separated by 
cross-over filters having gain curves with a finite slope. For 
ease of calculating the Sum of the band outputs, the use of 
Linkwitz-Riley crossovers, which have again of about -6 dB 
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at the crossover frequency and in-phase outputs at all frequen 
cies, is assumed. Similar compressor artifacts occur with 
other filters, such as odd-order Butterworth crossovers. 

For an input sinusoid whose frequency is in the middle of 
a compressor frequency band, with RMS level X (in dBFS), 
threshold L (dBFS), compression ratio r, and slope S=1/r 
(slope of the transfer function’s compressor line segment), 
the output RMS level is: 

...th X > L (1) 

and the compressor gain in dB is: 

where the Subscript c signifies the case of a sinusoid near the 
center of the compressor band. For simplicity of notation, the 
time index has been omitted. 

In the case of an input sinusoid midway between two 
compressor frequency bands, with the same input RMS level 
and a filter gain of F (in dBFS) at the crossover frequency, the 
output RMS level in each compressor band is given by: 

th (3) Y = 
F -- X 

and the compressor gain in each of the bands b is: 

Since the Linkwitz-Riley crossover filters add in-phase at 
all frequencies, the total output RMS level of the sum of the 
two bands (in dB) is: 

y 5 Y, = 20logo 2-108) = 20logg2 + y, (5) 

where the subscripts signifies the sum of the two bands. 
For sinusoids that exceed the threshold (after cross-over 

filtering) and are thus compressed, the difference between the 
within-band and between-band cases is given by 

assuming the input level X exceeds threshold L. by more than 
the filter gain F. 

Reference is now made to FIGS. 5A and 5B. As an 
example, consider an X=0 dBFS sinusoid and a compressor 
with threshold L=-20 dB, compression ratio r=2 and slope 
s=0.5. If the input sinusoid is positioned in the middle of one 
of the compressor's frequency bands 46, as shown in FIG.5A, 
the gain G would be 20*(-0.5)=-10 dB, for an output level of 
Y=-10 dB. 
On the other hand, if the sinusoids frequency equals the 

crossover frequency (boundary 44) between two frequency 
bands 46, as shown in FIG. 5B, the crossover filtergain F will 
be -6 dB (with a Linkwitz-Riley crossover), so each adjacent 
frequency band 46 will see an RMS level of X-F=-6 dB. In 
this case, the gain G, will equal (-6+20)*-0.5-7 dB, and the 
output level Y, in each band will be -6-7=-13 dB. 

Since the Linkwitz-Riley crossover filters add in-phase at 
all frequencies, the amplitude of the sum of the two bands 
would be: 
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4 

-13 
Y, = 20logo (2.1020) = -7 dB. (7) 

The result is that the frequency response at the crossover 
frequency is d=6+(0.5*-6)=3 dB higher than the response 
elsewhere. The worst case is with an infinite compression 
ratio (s=0), in which case the response would have a 6 dB 
peak at the crossover frequency. Thus, it has been shown how 
the “3 dB peak' is produced at or near the boundary 44 
between two adjacent frequency bands 46. 

For compressors implemented in the frequency domain, 
one might assume that the bands would have a perfect brick 
wall response, thereby preventing this problem. However, 
this assumption does not take into account the effect of the 
short-time Fourier transforms analysis filter (i.e., input win 
dow, in the time domain), which splatters some of the sinu 
soids energy into each of the adjacent bands. As a result, a 
similar crossover peak occurs with frequency-domain com 
pressors (as seen previously in FIG. 4). 

In Summary, less compression is applied to a sinusoid at the 
crossover frequency (boundary 44) between two frequency 
bands 46 than would have been applied had the sinusoid been 
in the middle of one of the compressor frequency bands. As a 
result, the response is not shift-invariant with respect to fre 
quency. Note: this issue is not readily apparent in response to 
typical wideband audio signals. 
The foregoing problem has been examined previously in 

terms of frequency-domain sampling of the power spectrum 
and it has been noted that a power-symmetric or perfect 
reconstruction filter bank does not present a satisfactory solu 
tion. Rather, a proposed solution (prior art) is to decrease the 
frequency-domain Sampling interval (i.e., to increase the 
number of bands and the overlap between bands). This solu 
tion is analogized to what happens in the human ear. Each hair 
cell in the cochlea is tuned to a particular frequency by the 
cochlea's mechanical resonance, which functions as sort of a 
mechanical Fourier transform. While the hair cells are very 
closely spaced in frequency, each one is sensitive to a band 
width of roughly /3 octave, so they are heavily overlapped. 
The proposed solution, however, does not totally eliminate 
the problem, but with sufficiently overlapped bands the prob 
lem can be greatly minimized. Unfortunately, this approach 
requires a heavily oversampled filter bank, which can be 
relatively expensive to implement. There accordingly exists a 
need in the art for a more economic and Successful solution. 

SUMMARY 

The present invention proposes a multiband dynamics 
compressor having a frequency-domain solution addressing 
the unwanted magnitude peaks which may occurat the cross 
over frequency (boundary) between two adjacent frequency 
bands. In accordance with this solution, slight adjustments to 
the frequency band boundary locations are made in order to 
prevent a spectral peak (such as, for example, a sinusoidal 
peak) in the input signal from being located midway between 
two frequency bands. 

In an embodiment, a multiband dynamics compressor 
comprises: a frequency domain splitting block adapted to 
split a received signal into a plurality of frequency bins and 
assign those frequency bins to frequency bands divided by 
variably located frequency boundaries; a spectral analysis 
block adapted to measure energy of at least those frequency 
bins located at or near the frequency boundaries; a frequency 
band adjustment block responsive to the measured energy and 



US 8,903,109 B2 
5 

adapted to vary locations of the frequency boundaries which 
divide the frequency bands; a dynamics compressor for each 
frequency band, the compressor receiving the frequency bins 
within the associated frequency band; and a combiner 
adapted to combine outputs of the compressors to generate an 
output signal. 

In an embodiment, a method comprises: Splitting a 
received signal into a plurality of frequency bins; assigning 
those frequency bins to frequency bands divided by variably 
located frequency boundaries; measuring spectral energy of 
at least those frequency bins located at or near the frequency 
boundaries; varying locations of the frequency boundaries 
which divide the frequency bands in response to the measured 
spectral energy; individually applying dynamics compres 
sion against each frequency band to generate compressed 
outputs; and combining the compressed outputs to generate 
an output signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a typical feed-forward single 
band dynamics compressor, 

FIG. 2A shows an exemplary transfer function; 
FIG. 2B shows again curve for the transfer function of FIG. 

2A; 
FIG. 3 is a block diagram of a typical feed-forward multi 

band dynamics compressor, 
FIG. 4 illustrates the magnitude response of a multiband 

dynamics compressor of the type shown in FIG. 3 to a swept 
sinusoid: 

FIGS. 5A and 5B illustrate compressor operation depen 
dent on frequency position of a sinusoidal input relative to the 
compressor frequency bands; 

FIG. 6 is a block diagram of a feed-forward multiband 
dynamics compressor having a frequency band boundary 
adjustment feature; 

FIGS. 7A and 7B illustrate an exemplary spectral analysis 
of an input signal and the operation of the compressor of FIG. 
6 to perform frequency band boundary adjustment in 
response to the spectral analysis; and 

FIG. 8 illustrates the magnitude response of a multiband 
dynamics compressor of the type shown in FIG. 6 to a swept 
sinusoid. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is now made to FIG. 6 which illustrates a block 
diagram of a feed-forward multiband dynamics compressor 
having a frequency band boundary adjustment feature. The 
input signal 10 is applied to a frequency domain splitting 
block 130 including a functionality 130(a) which divides the 
signal 10 in the frequency domain into a plurality of fre 
quencybins 160. As an example, the functionality 130(a) may 
comprises a fast Fourier transform (FFT) applied to the input 
signal 10 to generate the plurality of frequency bins in a 
manner well known to those skilled in the art. More specifi 
cally, a short-time Fourier transform (STFT) or similar 
method may be used by the functionality 130(a) for frame 
by-frame processing of the signal 10. 

In the prior art implementation of FIG. 3, these frequency 
bins would be grouped together to form frequency band sig 
nals 32 Such that each signal 32 includes frequency bins 
within a certain frequency band 46, there being some degree 
of frequency overlap between adjacent ones of the frequency 
bands at the boundaries 44. This grouping of frequency bins 
into frequency bands, however, is fixed by the configuration 
of the band splitting block 30. 
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6 
The implementation of FIG. 6 differs from FIG. 3 in that 

frequency domain splitting block 130 has no fixed grouping 
of frequency bins into frequency bands and associated fre 
quency band signals 132. Rather, the grouping of frequency 
bins into frequency bands associated with frequency band 
signals 132 is performed dynamically by functionality 130(b) 
(for example, on STFT frame-by-frame basis or other peri 
odic or aperiodic measure) such that the frequency bins 160 
assigned to each frequency band (and its frequency band 
signal 132) are changeable overtime so as to adjust to changes 
in the spectral energy of the input signal 10. 
The compressor of FIG. 6 further includes a spectral analy 

sis block 150 which operates to analyze the frequency bins 
160 of the frequency split input signal 10 provided by the 
functionality 130(a) of the frequency domain splitting block 
130. The spectral analysis block 150 operates to measure the 
energy in at least certain ones of the frequencybins 160. FIG. 
7A illustrates the results of such a spectral analysis performed 
by the block 150 with respect to an exemplary input signal 10 
and all generated frequency bins 160. The functionality 130 
(a) of the frequency domain splitting block 130 has per 
formed FFT on the input signal 10 to produce a plurality of 
frequency bins 160 (in this case, forty-five frequency bins). 
The spectral analysis block 150 has calculated the energy 162 
of the input signal 10 in each of those frequency bins 160. It 
will be noted that the energy 162 varies across the plurality of 
frequency bins 160. There are some bins 160 where the 
energy is relatively high and other bins where the energy is 
relatively low giving rise to the presence of numerous spectral 
peaks in the input signal for a given frame. 
Assume now an initial definition (for example, for a certain 

frame) of the boundaries 144 between frequency bands 146 
(as shown in FIG. 7A) by functionality 130(b) of the multi 
band compressor of FIG. 6. The circled frequency bins 174 
are located at the boundaries 144. In accordance with this 
boundary definition, the frequencybins 160 within frequency 
band 146(1) are applied by functionality 130(b) to a first C1 of 
the single band compressors 134 (through signal 132(1)), 
while the frequency bins 160 within frequency band 146(2) 
are applied by functionality 130(b) to a second C2 of the 
single band compressors 134 (through signal 132(2)), and the 
frequency bins 160 within frequency band 146(3) are applied 
by functionality 130(b) to a third C1 of the single band com 
pressors 134 (through signal 132(3)). This initial definition of 
the boundaries 144, however, presents a boundary concern as 
discussed above with respect to FIGS. 3-5 because significant 
signal spectral energy in frequencybins 160 (a spectral peak) 
is present at or near the location of the boundaries 144 and 
thus that signal energy will be processed by two signal band 
compressors 134 and produce the so-called "3 dB bump' in 
the output as shown in FIG. 4. Note, for example, the adjacent 
relatively high energy bins 160 forming spectral peaks at 170 
and 172 which are located at or near the boundaries 144 
between two adjacent frequency bands 146. It is at these 
frequency locations where the "3 dB bump' will be present. 
The spectral analysis block 150, from the measured energy 

in the frequencybins 160, provides spectral peak information 
152 to a frequency band adjustment block 154. In this context, 
for example, a spectral peak may be defined as a frequency 
bin 160 whose energy magnitude is greater than that of each 
of its two lower and two upper neighboring frequency bins. 
Responsive to the spectral peak information 152, the fre 
quency band adjustment block 154 determines whether the 
boundary 144 between frequency bands 146 needs to be 
moved and if so further determines a preferred location of the 
boundary 144, based on the location of the spectral peaks in 
the signal 10. The movement of the boundary 144 location 
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changes the assignment of frequency bins 160 to frequency 
bands 146. The operation of the frequency band adjustment 
block 154 in moving the boundary 144 location accordingly 
changes the assignment by functionality 130(b) of frequency 
bins 160 to the frequency bands 146 associated with the 
frequency band signals 132 applied to the single band com 
pressors 134. The change in frequency bin assignment is 
made with an effort to place the frequency bins 160 having 
relatively higher spectral energy associated with a spectral 
peak within a single frequency band 146 and away from the 
boundaries 144. A result of this operation is that the majority 
of the energy for a spectral peak will be associated with a 
single frequency band 146 (instead of being split between 
adjacent bands). 
A definition of the boundaries 144 between frequency 

bands 146 for the multiband compressor, revised in response 
to the spectral peak information 152 and operation of the 
frequency band adjustment block 154 for the same certain 
frame, is shown in FIG. 7B. The same spectral analysis per 
formed by the block 150 with respect to an exemplary input 
signal 10 is shown in FIG. 7B. What has changed, however, is 
the location of the boundaries 144. The frequency band 
adjustment block 154 has moved the boundaries 144 away 
from the spectral peaks at 170 and 172 and towards frequency 
bins 160 with relatively lower spectral energy. The frequency 
bins 160 within frequency band 146(1) are applied by func 
tionality 130(b) to a first C1 of the single band compressors 
134 (through signal 132(1)), while the frequency bins 160 
within frequency band 146(2) are applied by functionality 
130(b) to a second C2 of the single band compressors 134 
(through signal 132(2)), and the frequency bins 160 within 
frequency band 146(3) are applied by functionality 130(b) to 
a third C1 of the single band compressors 134 (through 132 
(3)). The effect of the movement of the boundaries 144 away 
from relatively higher spectral energy frequency bins 160 
results in the majority of each spectral peaks energy being 
associated with a single frequency band 146. For example, in 
FIG. 7B, as a result of the movement of the lower boundary 
144, the majority of spectral peak 170 is now located within 
frequency band 146(1), and as a result of the movement of the 
upper boundary 144, the majority of spectral peak 172 is now 
located within frequency band 146(3). The single band com 
pressors 134 receiving the frequency band signals 132 for 
each frequency band 146 will accordingly see nearly all the 
energy of the spectral peaks for the input signal 10, allowing 
computation of the correct amount of compressor gain and 
avoiding the “3 dB bump' problem experienced by prior art 
compressors. 

With reference once again to FIG. 6, the spectral analysis 
block 150 thus performs an energy measurement with respect 
to the frequency bins 160 for a current frame of the input 
signal 10. An identification is made of the existence of spec 
tral peaks near or at the boundary 144 locations which were 
applied to a previous frame, and the frequency band adjust 
ment block 154 responds by shifting the location of the 
boundaries 144 applied by the functionality 130(b) of the 
frequency domain splitting block 130 in defining the fre 
quency bands 146 and generating the plurality of frequency 
band signals 132. The plurality of compressors 134 then 
process the signals 132 producing output signals 136 which 
are recombined 138 to generate the output signal 40. The 
process is then repeated with respect to the frequency bins 
160 of a next frame of the input signal 10. In this implemen 
tation, the boundary 144 locations applied by the frequency 
domain splitting block 130 in defining the frequency bands 
146 may change on a frame-by-frame basis. A hysteresis 
factor may be used to prevent ping-pong movement of the 
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8 
boundaries 144 with each frame change. It will also be under 
stood that frame-by-frame analysis may be unnecessary or 
undesired for Some input signals 10. As an alternative, the 
analysis and change rate may instead span a plurality of 
frames, or be defined by some other periodic or aperiodic 
measure. Still further, the change in boundary 144 location 
may alternatively be triggered in response to a spectral analy 
sis comparing the measured energy of a current frame against 
a threshold, average or other parameters so as to detect 
changes in signal energy which may warrant movement of the 
boundary 144 locations. 

Reference is now made to FIG. 8 which illustrates the 
magnitude response 148 of a multiband dynamics compres 
sor of the type shown in FIG. 6 to a swept sinusoid 180. The 
spectral analysis block 150 measures the energy in each of the 
frequency bins 160 as the sinusoid is swept. As the measured 
energy peaks near the band boundaries 144 located at about 
500 Hz and 2000 Hz, the frequency band adjustment block 
154 responds to the spectral peak information 152 and adjusts 
the location of the boundaries 144 in the frequency domain so 
that almost all of the sinusoids energy will be associated with 
a single compressor frequency band 146 instead of being 
divided between two adjacent frequency bands due to spectral 
Splatter. Thus, the compressor frequency band 146 sees nearly 
the full energy of the sinusoid, thus allowing for the compu 
tation of the correct amount of compressor gain. In comparing 
FIG. 8 to FIG.4, it will be noted that the multiband dynamics 
compressor of the type shown in FIG. 6 significantly 
improves compressor performance. The peak 42 seen in FIG. 
4 at the 2000 Hz, breakpoint is almost completely eliminated 
(reference 142). Although FIG.8 shows a 1 dB peak at 500Hz 
(reference 142), this peak is attributed to splatter beyond the 
two adjacent FFT frequency bins 160, and the improvement 
in performance over FIG. 4 is readily apparent. 

Thus, when a spectral peak occurs near a boundary 144 
between compressor frequency bands 146, the multiband 
dynamics compressor of the type shown in FIG. 6 adjusts the 
boundary location slightly so that most of the energy of the 
spectral peak is consolidated into the same compressor fre 
quency band. This allows the compressor gain to be computed 
based on the vast majority of the energy belonging to that 
signal. 
With respect to the action taken by the frequency band 

adjustment block 154 (in response to the spectral peak infor 
mation 152) to adjust the location of the boundaries 144, it 
will be recognized that the process essentially splits the fre 
quency axis into “regions of influence. One option for mak 
ing this adjustment is to split the frequency axis halfway 
between two adjacent peaks. Another option is to split the 
frequency axis at the lowest magnitude FFT bin between two 
adjacent peaks. Either of these techniques is believed to work 
well for setting the location of the boundaries 144. 
The operation taken in moving the boundaries 144 from the 

location in FIG. 7A to the location in FIG. 7B illustrates the 
preferred option for splitting the frequency axis halfway 
between two adjacent peaks. More specifically, the splitting 
algorithm implemented by the frequency band adjustment 
block 154 determines whether the number of in-between bins 
is odd (i.e., one bin is exactly halfway between the two adja 
cent peaks). If so, the algorithm groups the middle bin with its 
largest immediate neighbor (or, equivalently, moves the 
dividing line halfway toward the smaller neighbor). 

In FIG. 7A, the original boundaries 144 were located at the 
circled frequency bins 174 (FFT bin #10 and bin #42). After 
performing the adjustment, FIG. 7B shows that the lower 
boundary 144 is now located between bin #11 and bin #12. 
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This groups the middle bin #11 (located exactly halfway 
between adjacent spectral peak locations at bin #9 and bin 
#13) with its largest immediate neighbor at bin #10. The 
upper boundary is now located between bin #40 and bin #41, 
since the average of the adjacent spectral peak locations at bin 
#38 and bin H43 is 40.5. 

The operation to select the peaks and divide up the fre 
quency axis results in the allocation of the energy of the input 
signal 10 contained within those frequency bins 160 located 
between spectral peaks to the appropriate frequency bands 
146. As a result, almost all of the energy of the signal 10 
associated with a given spectral peak will be associated with 
a single compressor frequency band 146 instead of being 
divided between two adjacent bands due to spectral splatter. 
Since the compressor frequency band sees nearly the full 
energy of the spectral peak of the signal 10, the correct 
amount of compressor gain is applied to the signal. 

It should be noted that the boundary 144 between fre 
quency bands 146 as determined by the frequency band 
adjustment block 154 in respect to the spectral information 
may vary from one STFT frame to the next. This variation 
generally does not cause significant artifacts, probably due to 
the fact that the frequency axis is always divided at frequency 
bins 160 where the energy magnitude is relatively low. How 
ever, any low-level artifacts resulting from the movement of 
the boundary 144 could be minimized by having the fre 
quency band adjustment block 154 apply hysteresis in the 
processing algorithm so as to keep frequency bins 150 from 
jumping back and forth unnecessarily between two adjacent 
frequency bands 146. In other words, the hysteresis would 
prevent unnecessary movement of the boundary 144 which 
divides two adjacent frequency bands 146 from one STFT 
frame to the next. 

While FIGS. 7A and 7B show the measurement of energy 
in all of the frequency bins 160 of the signal 10, it will be 
understood that such measurement as to all bins is not 
required. The default location of the boundaries 144 is 
known. The spectral analysis block 150 need only perform 
energy measurement as to those frequency bins 160 near the 
default boundary 144 locations. In FIGS. 7A and 7B, for 
example, the spectral analysis block 150 need not make 
energy measurements for bins 160 from bin #15 to bin #35 
because these bins are not located near the default boundary 
144 locations at about bin #8-12 and bin #40-44. By focusing 
energy measurement operations by the spectral analysis 
block 150 on the default location of the boundaries 144, there 
is a reduction in the computational cost of operations, such as 
selecting spectral peaks, performed by the multiband dynam 
ics compressor of the type shown in FIG. 6. 
An example of analgorithm (presented in pseudo-code) for 

selecting boundary 144 locations is as follows: 

for each band boundary 
lowerPeak = first peak below the boundary 
upperPeak = first peak above the boundary 
if there are upper and lower peaks 

boundary = 0.5 * (lowerPeak + upperPeak) 
if boundary is an integer 

move it halfway toward the smaller neighbor 
end 

else if no upper and/or lower peaks 
if no lower peak 

extend this band back to the previous boundary 
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10 
-continued 

else if no upper peak 
extend this band up to the next boundary 

end 
end 

end 

With reference once again to FIG. 8 and the 1 dB peak at 
500 Hz (reference 142), it is believed that the implementation 
of a more Sophisticated algorithm than that presented above 
could further reduce the remaining ripple. The algorithm 
presented above is simply one proposed implementation, it 
being understood that other algorithms could be designed to 
control movement of the boundaries 144 between frequency 
bands 146 in response to the measured spectral energy of the 
input signal 10. 

Although preferred embodiments of the method and appa 
ratus of the present invention have been illustrated in the 
accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention 
is not limited to the embodiments disclosed, but is capable of 
numerous rearrangements, modifications and Substitutions 
without departing from the spirit of the invention as set forth 
and defined by the following claims. 

What is claimed is: 
1. A multiband dynamics compressor, comprising: 
a frequency domain splitting block adapted to split a 

received signal into a plurality of frequency bins and 
assign those frequency bins to frequency bands divided 
by variably located frequency boundaries: 

a spectral analysis block adapted to measure energy of at 
least those frequency bins located at or near the fre 
quency boundaries; 

a frequency band adjustment block responsive to the mea 
Sured energy and adapted to vary locations of the fre 
quency boundaries which divide the frequency bands; 

a dynamics compressor for each frequency band, the com 
pressor receiving the frequency bins within the associ 
ated frequency band; and 

a combiner adapted to combine outputs of the compressors 
to generate an output signal. 

2. The compressor of claim 1, wherein the frequency 
domain splitting block comprises a fast Fourier transform 
(FFT) for processing the received signal and generating the 
plurality of frequency bins. 

3. The compressor of claim 1, wherein the frequency 
domain splitting block comprises a short-time Fourier trans 
form (STFT) for processing the received signal and generat 
ing the plurality of frequency bins. 

4. The compressor of claim 1, wherein the frequency 
domain splitting block generates the frequency bins with 
respect to a frequency transform frame of the received signal, 
the frequency band adjustment block varying locations of the 
frequency boundaries which divide the frequency bands with 
respect to said frequency transform frame. 

5. The compressor of claim 1, wherein the frequency band 
adjustment block further comprises a hysteresis function 
applied in deciding whether to vary locations of the frequency 
boundaries which divide the frequency bands. 

6. The compressor of claim 1, wherein the frequency band 
adjustment block is further adapted to calculate the location 
to which the frequency boundary which divides two fre 
quency bands is to be varied as a location between adjacent 
peaks in the measured energy of those frequency bins located 
at or near the frequency boundary. 
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7. The compressor of claim 6, wherein the location 
between adjacent peaks is halfway between those adjacent 
peaks. 

8. The compressor of claim 6, wherein the location 
between adjacent peaks is a lowest spectral energy location 
between those adjacent peaks. 

9. The compressor of claim 1, wherein the spectral analysis 
block identifies, from the measured energy of the frequency 
bins located at or near the frequency boundaries, the presence 
of a spectral peak of energy, and wherein the frequency band 
adjustment block responds to the identified spectral peak by 
varying the location of the frequency boundary away from the 
spectral peak. 

10. The compressor of claim 1, wherein the spectral analy 
sis block identifies, from the measured energy of the fre 
quency bins located at or near the frequency boundaries, the 
presence of a plurality of spectral peaks of energy, and 
wherein the frequency band adjustment block responds to the 
identified spectral peaks by varying the location of the fre 
quency boundary to a frequency position between adjacent 
spectral peaks. 

11. The compressor of claim 10, wherein the frequency 
position is halfway between adjacent spectral peaks. 

12. The compressor of claim 10, wherein the frequency 
position is a position associated with frequency bin whose 
measured energy is lowest between adjacent spectral peaks. 

13. A method, comprising: 
splitting a received signal into a plurality of frequencybins; 
assigning those frequencybins to frequency bands divided 
by variably located frequency boundaries: 

measuring spectral energy of at least those frequency bins 
located at or near the frequency boundaries: 

varying locations of the frequency boundaries which 
divide the frequency bands in response to the measured 
spectral energy; 

individually applying dynamics compression against each 
frequency band to generate compressed outputs; and 

combining the compressed outputs to generate an output 
signal. 

14. The method of claim 13, wherein splitting comprises 
applying fast Fourier transform (FFT) to the received signal to 
generate the plurality of frequency bins. 

15. The method of claim 13, wherein splitting comprises 
applying short-time Fourier transform (STFT) to the received 
signal to generate the plurality of frequency bins. 

16. The method of claim 13, wherein splitting generates the 
frequencybins with respect to a frequency transform frame of 
the received signal, and varying comprises varying locations 
of the frequency boundaries which divide the frequency 
bands with respect to said frequency transform frame. 
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17. The method of claim 13, wherein varying further com 

prises applying a hysteresis function in deciding whether to 
vary locations of the frequency boundaries which divide the 
frequency bands. 

18. The method of claim 13, wherein varying further com 
prises calculating the location to which the frequency bound 
ary which divides two frequency bands is to be varied as a 
location between adjacent peaks in the measured energy of 
those frequency bins located at or near the frequency bound 
ary. 

19. The method of claim 18, wherein the location between 
adjacent peaks is halfway between those adjacent peaks. 

20. The method of claim 18, wherein the location between 
adjacent peaks is a lowest spectral energy location between 
those adjacent peaks. 

21. The method of claim 13, further comprising identify 
ing, from the measured energy of the frequency bins located 
at or near the frequency boundaries, the presence of a spectral 
peak of energy, and wherein varying further comprises 
responding to the identified spectral peak by varying the 
location of the frequency boundary away from the spectral 
peak. 

22. The method of claim 13, further comprising identify 
ing, from the measured energy of the frequency bins located 
at or near the frequency boundaries, the presence of a plurality 
of spectral peaks of energy, and wherein varying further com 
prises responding to the identified spectral peaks by varying 
the location of the frequency boundary to a frequency posi 
tion between adjacent spectral peaks. 

23. The method of claim 22, wherein frequency position is 
halfway between adjacent spectral peaks. 

24. The method of claim 22, wherein the frequency posi 
tion is a position associated with frequency bin whose mea 
sured energy is lowest between adjacent spectral peaks. 

25. A multiband dynamics compressor, comprising: 
means for processing a signal in the frequency-domain to 

split the signal into a plurality of frequency bands; 
means for spectrally analyzing said signal to identify the 

occurrence of magnitude peaks in said signal; 
means for adjusting locations of boundaries between adja 

cent ones of the plurality of frequency bands by auto 
matically adjusting a location of the boundary between 
two adjacent frequency bands in order to prevent the 
identified magnitude peak in said signal from being 
located at a frequency position that is between said two 
adjacent frequency bands; and 

means for applying dynamics compression individually 
against each of the adjacent frequency bands. 
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